Abstract: Systemic risk events constitute an important issue in current financial systems. A leading course of action used to mitigate such events is identification of systemically important agents in order to implement the prudential policies in a financial system. In this paper, a bi-level cross-shareholding network of the stock market is considered according to direct and integrated ownership structure. Furthermore, different systemic risk indices are applied to identify systemically important companies in an early warning system. Results of application of these indices on cross-shareholding data from Tehran Stock Exchange show that integrated network indices produce more reliable results. Moreover, results of statistical analysis of the networks indicated the existence of scale-free characteristics in the TSE cross-shareholding network.
Introduction
Systemic risk is related to inter-connection and correlation of different parts of a market. In systemic risk events, a financial crisis occurs when an initial failure is transmitted to the whole market [1] . Accordingly, control and mitigation of systemic risk is an important consideration in the financial markets. In terms of systemic risk, companies are different in the extent of their contributions to the systemic events. In many countries, systemically important companies are identified by financial regulatory bodies and these authorities apply the prudential policies in the financial systems. In the recent systemic risk studies [1] [2] [3] , size, interconnectedness and the correlation of companies are introduced as the main factors of systemic risk. Some studies have claimed that large size companies are more vulnerable to systemic risk and introduced the "too big to fail" notion. In the other studies, Interconnectedness and correlation have a huge impact on the companies' exposure to each other by causal and balance sheet relations and co-movement of companies over the same time period [3] .
In recent years, network theory has been widely applied for analysis of financial systemic risk and financial crisis [4, 5] . Financial network studies can be categorized in to three main groups. In the first group, contagion theory is applied to financial systems in order to simulate the behavior of a financial system under different network setups [6] . The focus of the second group is on the correlation-based networks and the analysis of the structure of a financial market in different time periods [7, 8] . Most research in the field falls into the third group that analyzes the structure of inter-bank debt networks in different countries and proposes various prudential policies to mitigate financial systemic risk and its associated costs [9] [10] [11] [12] . In this type of studies, inter-bank debt networks are introduced as scale-free networks that also have the "small world" characteristics. These financial networks are also "robust to fragile", which means that they operate as a risk sharing mechanism to increase stability of a financial system at the pre-crisis period. Conversely, interconnectedness would serve as a shock propagation mechanism during a crisis period and would thus increase the probability of system failure [1] .
Even though cross-shareholding networks are one of the main types of financial networks, application of cross-shareholding networks in the analysis of financial systemic risk has scarcely been reported. In other words, most systemic risk publications have analyzed interconnectedness in inter-bank debt networks. An exception is the study of Pecora and Spelta [1] , which reports use of the cross-shareholding network of European banks to analyze systemic risk. Because of the limited availability of information on bilateral exposure between different companies, such as inter-bank debts, cross-shareholding data could be applied as an appropriate proxy for information on interconnectedness. In addition to systemic risk analysis in banking systems, application of cross-shareholding information makes systemic risk analysis to be possible for other companies in a financial market. Although a cross-shareholding network could have an important role to maintain the stability in a financial system, no particular analysis has applied the stock market cross-shareholding network to analyze systemic risk.
In this paper, the cross-shareholding network of the stock market is applied as a bi-level network. A bi-level cross-shareholding network means that the network contains companies listed in the stock market as well as external shareholders of companies and the shareholder's shareholders and their relationships. For this purpose, the emerging market of Tehran Stock Exchange (TSE) was considered for analysis (the recent cancellation of international sanctions has stimulated the interests from both internal and external investors). Based on the available cross-shareholding information, the direct and integrated cross-shareholding network of TSE is represented and different systemic risk indices are applied and statistically appraised. Moreover, the most systemically important companies and sectors are determined in accord to different indices.
Results show that the cross-shareholding network is a good proxy for analysis of interconnectedness and systemic risk in financial markets. Consideration of integrated ownership in a cross-shareholding network leads to a more reliable network and better understanding of the systemic risk importance for different companies. Moreover, results of statistical analysis of these networks show that cross-shareholding network of TSE has a power-law distribution. The power-law distribution amplifies the hypothesis that the network can be "robust yet fragile" and is fertile for crisis in the case of systemic risk events.
Literature Review
Even though most financial network studies are categorized into the three above-mentioned groups, only a few studies have reported on application of cross-shareholding networks to analyze ownership structure and control flow [13] . The main focus of these studies has been statistical analysis of cross-shareholding networks and control flow in different countries. For example, Battiston and Glattfelder [14] applied the principles of network theory in a cross-shareholding network to analyze ownership control structure in the world financial system. Glattfelder and his co-workers showed that the cross-shareholding network has a bow-tie structure. The bow-tie structure is a core-periphery structure with a central part known as strongly connected component (SGC) and two input and output sectors [14, 15] . In another study, Battiston [16] compares the descriptive characteristics of cross-shareholding networks in Milan, New York and London stock exchanges. Ma, Zhuang and Li [17] analyzed mutual investment in the Shanghai Stock Exchange. A degree-equivalent measure was introduced for weighted directed cross-shareholding network and analysis of statistical characteristics of the network in terms of corporate, sector and province was reported. In addition to the above, there have been several other studies on the application of cross-shareholding (for example, see [18] [19] [20] [21] ). In conclusion, although little studies have been done on application of cross-shareholding networks, no specific paper has yet been published on application of the cross-shareholding network for systemic risk analysis.
Data and Methodology

The Dataset
In this paper, the cross-shareholding network of the Tehran stock exchange, as an emerging market, is applied. The shareholding data from 386 listed companies for the years 2013-2015 was extracted from the Tehran Stock Exchange dataset [22] . Because many listed companies had a small amount of market value, the dataset was limited to the shareholding data of 118 listed companies that have more than 0.1 percent share of the total market value. The missing data of the cross-shareholding structure are directly extracted from the annual reports of the companies. A general summary of the companies, industrial sectors and their market share is represented in Table 1 . As shown in Table 1 , these companies are categorized into 27 different sectors. The completed list of the companies and sectors has been represented in Appendix A. For the sake of simplicity, the dataset consists of shareholders which have more than one percent of the listed companies. Moreover, as a significant number of listed companies had external shareholders, the dataset contained shareholders' data and their shareholder's shareholder in a bi-level network. 
Methodology
Network Notation
A network is a set of related nodes. In graph theory, networks are represented as a set of vertices and edges. Generally, a network N = (V, E) is represented as a set of vertices V and edges E, which the set of edges can be shown as an adjacency matrix. The matrix elements`A ij˘s how the existence of a relation between the nodes i and j and each element can be 0 or 1. If there is a relation between i and j, A ij is 1 and 0 otherwise. If the network is an indirect network, the adjacency matrix is symmetric. In weighted networks, A ij " w ij .
The number of edges for each node i is called the degree of node i and is represented as d i . For directed networks, there is a difference between input and output arcs. The number of input and output arcs for each node i is known as d In addition to the above-mentioned notations, for each node in network N, there are values such as v i that represent an intrinsic value of a node and are not relevant to the structure of a network. In a cross-shareholding network, v i could be the market value or the operational revenue of each company. A simple representation of a cross-shareholding network as a weighted directed network is represented in Figure 1 . In addition to the above-mentioned notations, for each node in network N, there are values such as v that represent an intrinsic value of a node and are not relevant to the structure of a network. In a cross-shareholding network, v could be the market value or the operational revenue of each company. A simple representation of a cross-shareholding network as a weighted directed network is represented in Figure 1 . Figure 1 . Representation of a cross-shareholding network as a weighted directed network.
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Networks Based Systemic Risk Indices
One of the main challenges of network analysis for many researchers is how to determine the importance of each node rather than others in a network. In the literature related to systemic risk, the importance of nodes can be described as the contribution of nodes in occurrence of a systemic risk event. For this purpose, there are many measures mentioned in network literature [23] [24] [25] termed as "centrality measures". The two main centrality measures that are widely developed in the literature of network theory are the degree measure and the eigenvector or feedback-based centrality measure.
Degree Centrality Measure: The degree of each node in a cross-shareholding network is the number of companies with an ownership relation with the node. d , as the out-degree of node i, is the number of companies that are shareholders of i. Conversely, d as the in-degree of node i, is the number of companies belonging to the investment portfolio of company i. Therefore, it could be noted that d is a proxy for the level of integration of company i in the other companies and d is the degree of portfolio diversification for company i.
Micro-investors are excluded in the estimation of d and d for each company. Even though this might cause a bias in d and d estimation, but because this is the case for estimation of all companies, the bias effect could be ignored at the comparative analysis of companies.
In addition, if v represents the market value of company i, P is introduced as the portfolio value of company i and considered as a systemic risk index in [19] .
where w is the percent of company j that is owned by company i and v is the market value of company j.
Since the cross-shareholding network is a weighted network, it is required to consider the weights in order to calculate centrality as well as systemic risk importance for companies. In-degree and out-degree indices can also be presented in weighted networks. For the first time, Newman [26] introduced the degree of each node in a weighted network as the strength of a node. Then, a mixed index for centrality based on strength and degree of each node was introduced by Opsahl and their co-workers [27] . Although the literature reports that such indices are used widely, they cannot be applied in this case because of the nature of weights in cross-shareholding networks. Therefore in this paper, the two represented measures of Battiston have been applied to measure weighted 
Degree Centrality Measure: The degree of each node in a cross-shareholding network is the number of companies with an ownership relation with the node. d In addition, if v i represents the market value of company i, P i is introduced as the portfolio value of company i and considered as a systemic risk index in [19] .
where w ij is the percent of company j that is owned by company i and v j is the market value of company j.
Since the cross-shareholding network is a weighted network, it is required to consider the weights in order to calculate centrality as well as systemic risk importance for companies. In-degree and out-degree indices can also be presented in weighted networks. For the first time, Newman [26] introduced the degree of each node in a weighted network as the strength of a node. Then, a mixed index for centrality based on strength and degree of each node was introduced by Opsahl and their co-workers [27] . Although the literature reports that such indices are used widely, they cannot be applied in this case because of the nature of weights in cross-shareholding networks. Therefore in this paper, the two represented measures of Battiston have been applied to measure weighted in-degree and out-degree measures [16] . s j , which is an in-degree equivalent centrality measure, represented as follows:
where s j shows the number of inward arcs to the node j. In other words, s j calculates the effective number of companies owned by company j. On the other hand, H i is introduced as an equivalent out-degree measure and described as follows:
h ij which shows the amount of control that company j has on company i, is calculated as follows:
In other words, h ij shows the importance of company i within the companies that belong to company j. H i measures the total importance of company i for companies that have invested in company i and accordingly shows the effective number of investors of company i.
Eigen Vector Centrality Measure: Eigen vector centrality measures are based on the concept that importance of each node is related to the importance of its neighbors. This concept leads to a series of equations that should be solved simultaneously. In a weighted directed network, the Hubbell measure [28] is the most familiar Eigen vector measure. In this measure, each node could have an intrinsic importance, such as c 0 and importance is related to existing relations to other nodes. The following relation shows the Hubbell index:
where c H is the Hubbell centrality measure and A is the adjacency matrix of the network. The solution of Equation (5) The above solution is obtained, if the pI´Aq matrix is invertible or equivalently none of the eigen values of A is equal to 1. Therefore, choosing the parameters c 0 and c H in a cross-shareholding network, the Hubbell measure could be used to determine companies that are systemically important. In this paper, market values and the integrated market values are chosen as c 0 and c H .
Integrated Market Value and Integrated Cross-Shareholding Matrix
In this section, centrality and importance of each company in a cross-shareholding network is evaluated based on integrated ownership of companies. According to Brioschi [29] , integrated ownership is determined by aggregated amounts of direct and indirect ownership of a shareholder on an asset. As financial agents in a stock market can be categorized into listed companies and external shareholders, the portfolio value of a listed company is calculated as Equation (7).
where w shows the percent of company j that is owned by company i, Γ( ) is the set of neighbors of company i and v is the market value of company j. The matrix representation of Equation (7) could be represented as follows:
where P shows vector of portfolio values, W is an n × n adjacency matrix, V is the vector of market values and n is the number of listed companies. Conversely as the main external shareholders of the listed companies are considered in this study, the portfolio value of an external shareholder k (P , ) is represented as follows:
where m is the number of external shareholders, P , represents market values of the listed companies and d is the ownership fraction of external shareholder k on the listed companies. The matrix representation of the value of external shareholders portfolio is determined from Equation (10) .
When the cross-shareholding network is shown as a combination of external shareholders and listed companies, the following matrix A is represented:
where 0 is a zero matrix and A is a (m + n) × (m + n) matrix. Accordingly, the integrated market value of each company could be calculated as a combination of intrinsic values and amounts of interconnectedness as follows:
where V and V show intrinsic market values and the integrated market values of companies, respectively. The solution of Equation (13) is as follows:
The V , as the integrated values of companies could be applied as a systemic risk index that shows importance in terms of systemic risk. If in the Equation (6), the c = V and V = c , it is obvious that the V is a kind of Hubbell centrality measure. As financial agents in a stock market can be categorized into listed companies and external shareholders, the portfolio value of a listed company is calculated as Equation (7).
where w ij shows the percent of company j that is owned by company i, Γ piq is the set of neighbors of company i and v j is the market value of company j. The matrix representation of Equation (7) could be represented as follows:
where P shows vector of portfolio values, W is an nˆn adjacency matrix, V is the vector of market values and n is the number of listed companies. Conversely as the main external shareholders of the listed companies are considered in this study, the portfolio value of an external shareholder k`P k,ext˘i s represented as follows: Figure 2 . Representation of direct and indirect ownership in a cross-shareholding network.
As financial agents in a stock market can be categorized into listed companies and external shareholders, the portfolio value of a listed company is calculated as Equation (7).
The V , as the integrated values of companies could be applied as a systemic risk index that shows importance in terms of systemic risk. If in the Equation (6), the c = V and V = c , it is obvious that the V is a kind of Hubbell centrality measure.
where m is the number of external shareholders, P k,ext represents market values of the listed companies and d k is the ownership fraction of external shareholder k on the listed companies. The matrix representation of the value of external shareholders portfolio is determined from Equation (10).
where Ñ 0 is a zero matrix and A is a (m + n)ˆ(m + n) matrix. Accordingly, the integrated market value of each company could be calculated as a combination of intrinsic values and amounts of interconnectedness as follows:
where V and V int show intrinsic market values and the integrated market values of companies, respectively. The solution of Equation (13) is as follows:
The V int , as the integrated values of companies could be applied as a systemic risk index that shows importance in terms of systemic risk. If in the Equation (6), the c H " V int and V " c 0 , it is obvious that the V int is a kind of Hubbell centrality measure.
However, the integrated ownership matrix can also be represented as follows:
where A int considers all direct and indirect paths to calculate amounts of integrated ownership.
For example, the integrated percent of company j that is owned by company i is represented as follows:
The solution of the Equation (14) is as follows:
According to the above-mentioned equations, it is possible to reach a dual relation for each company as the Equation (17), where each side of the equation shows the integrated portfolio values of companies.
The P int , which is a complement for the portfolio value indices (P i ), can been used as another systemic risk index.
Results and Analysis
Direct Cross-Shareholding Network
Using network theory and Pajek software, a representation of cross-shareholding network of companies listed on the Tehran Stock Exchange is shown in Figure 3 . As it is obvious, nodes are representative of listed companies and external shareholders. According to the sector classification of TSE, the considered companies are categorized according to 27 different sectors distinguished by colors. As can be seen in Figure 3 , there are some companies and external shareholders that have more ownership relations with the other agents. The size of node (Figure 3) represents the amount of a node's degree, where the "government", "Tamin organization" and the "national pension fund" ranked highest with 40, 31 and 27 arcs, respectively.
Although it is not possible to recognize the general structure of the TSE cross-shareholding network, the existence of a bunch of nodes with many in-degree and out-degree as well as some nodes with only inward arcs and outward arcs shows that the existence of a bow-tie structure in the TSE is likely. Table 2 represents a summary of the statistical analysis of the direct cross-shareholding network and the relevant systemic risk indices in the company and sector level. As shown in Table 2 , there was no significant difference between the top five companies for degree, in-degree, s j and P i in the direct cross-shareholding network; however, the difference of these indices is more evident in the lower order companies. Except for difference in the order of companies, the only variation was according to existence of "Adalat Shares" in the top five companies based on s j and P i , which indicates that even though the "Adalat Shares" has only a few relations with the other companies, it has a significant share in its own companies. Sector analysis shows some differences between the four indices. However, comparison of the out-degree and H i indices shows that although these indices are introduced as equivalent measures to represent the level of diversification in a company, results of the top five companies and sectors were not similar. This was because there are companies with many outward arcs that have small shares in their own companies. These companies had high ranking according to the out-degree index and an intermediate rank according to H i . For example, it is evident that according to the out-degree index, the insurance sector, which had the top rank according to H i , was ranked in the top five companies.
As mentioned in Section 2, the in-degree and s j show the degree of integration and the out-degree and H i represent the degree of portfolio diversification of each company. Elliot et al. (2014) [30] in their paper show how the probability of cascades depends on two aspects, integration and diversification of cross-holding network. Integration refers to the level of exposure of companies to each other and the diversification refers to how the cross-holding is spread out. As integration increases, the dependence of organization to each other increases and so the systemic risk become more possible. On the other hand, the increase in integration level causes the companies to be less dependence on their own assets. Thus, although when an initial failure occurs, the integration can increase the likelihood of systemic risk, it can also lessen the probability of the initial failure. With regard to diversification, low diversification level causes companies to be more sensitive to each other, but the cross-holding network is disconnected and the level of systemic risk is limited. As the diversification increases to an intermediate level, the network is connected enough to extend the level of failure and create a great systemic risk. In the high levels of diversification, company's portfolios are sufficiently diversified so that there are not sensitive to any particular company's failure.
Elliot et al. (2014) [30] showed that integration and diversification have different, non-monotonic effect on the extent of systemic risk. They showed that there are two conditions to occur systemic risk. The first is that integration is intermediate: each organization holds enough of its own assets that the idiosyncratic devaluation of those assets can spark a first failure, and holds enough of other organizations for failures to propagate. The second condition is that organizations are partly diversified: the network is connected enough for cascades to spread widely, but nodes do not have so many connections that they are well-insured against the failure of any counterparty. Considering s j and H i as integration and diversification indices, the more systemically important companies are those with an intermediate level of s j and H i . Figure 4 illustrates the relation of s j and H i for different companies in the TSE. It is obvious that most of the nodes have low levels of integration and diversification which are not considered as systemically important companies. There are also some companies with medium level of s j and low level of H i or medium level of H i and low level of s j , which present threats to the financial market according to integration and diversification, respectively. The main point in accord to the Elliot et al. (2014) [30] However, in order to comprehend the geometric characteristics of the TSE cross-shareholding network, the statistical distribution of s and H will be analyzed in this section. P (s ) as the complement of cumulative distribution represents the probability that s is greater than or equal to a determined value s . To analyze the hypothesis of power-law distribution for s , P (s ) can be proportional to s as follows: However, in order to comprehend the geometric characteristics of the TSE cross-shareholding network, the statistical distribution of s j and H i will be analyzed in this section. P ą`sj˘a s the complement of cumulative distribution represents the probability that s j is greater than or equal to a determined value s j . To analyze the hypothesis of power-law distribution for s j , P ą`sj˘c an be proportional to s j as follows: P ą ps j q 9`s j˘1´δ (18) Therefore, probability densities function of s j can be represented as the following equation:
Pps j q 9`s j˘´δ (19) Similar analysis can be represented for the H i index. Figure 5 shows the frequency and the cumulative distribution of s j and H i . For more details, Figure 6a ,b show the complement of cumulative distribution of s j and H i in a log-log scale. The values of δ are calculated using linear regression and the hypothesis that the cross-shareholding network is scale free is tested. As can be seen in the figures, the results of the test in 95% significance level show that there is no evidence to reject the null hypothesis that the cumulative distributions follow the power-law distribution and consequently, the cross-shareholding network of TSE is a scale free network. However, in order to comprehend the geometric characteristics of the TSE cross-shareholding network, the statistical distribution of s and H will be analyzed in this section. P (s ) as the complement of cumulative distribution represents the probability that s is greater than or equal to a determined value s . To analyze the hypothesis of power-law distribution for s , P (s ) can be proportional to s as follows:
Therefore, probability densities function of S can be represented as the following equation:
Similar analysis can be represented for the H index. Figure 5 shows the frequency and the cumulative distribution of s and H . For more details, Figure 6a ,b show the complement of cumulative distribution of s and H in a log-log scale. The values of δ are calculated using linear regression and the hypothesis that the cross-shareholding network is scale free is tested. As can be seen in the figures, the results of the test in 95% significance level show that there is no evidence to reject the null hypothesis that the cumulative distributions follow the power-law distribution and consequently, the cross-shareholding network of TSE is a scale free network. 
Integrated Cross-Shareholding Network
Using the integrated ownership matrix, the integrated cross-shareholding network of TSE is represented in Figure 7 . It is clear that the number of network relations is increased significantly; it shows a rise from 385 arcs in the direct network to 1422 arcs in the integrated network. Similar to the direct network, the integrated network has also a strongly connected component that shows the existence of Bow-Tie structure is likely. In this section, the integrated market value (V ) and integrated portfolio value (P ) are applied as the systemic risk indices to determine systemically important companies. Furthermore, s and H measures are also adjusted according to the 
Using the integrated ownership matrix, the integrated cross-shareholding network of TSE is represented in Figure 7 . It is clear that the number of network relations is increased significantly; it shows a rise from 385 arcs in the direct network to 1422 arcs in the integrated network. Similar to the direct network, the integrated network has also a strongly connected component that shows the existence of Bow-Tie structure is likely. In this section, the integrated market value (V int ) and integrated portfolio value (P int ) are applied as the systemic risk indices to determine systemically important companies. Furthermore, s j and H i measures are also adjusted according to the integrated matrix as s int j and H int i to evaluate the systemic risk importance based on the interconnectedness of network. Table 3 summarizes results of these indices in TSE. 
Using the integrated ownership matrix, the integrated cross-shareholding network of TSE is represented in Figure 7 . It is clear that the number of network relations is increased significantly; it shows a rise from 385 arcs in the direct network to 1422 arcs in the integrated network. Similar to the direct network, the integrated network has also a strongly connected component that shows the existence of Bow-Tie structure is likely. In this section, the integrated market value (V ) and integrated portfolio value (P ) are applied as the systemic risk indices to determine systemically important companies. Furthermore, s and H measures are also adjusted according to the integrated matrix as s and H to evaluate the systemic risk importance based on the interconnectedness of network. Table 3 summarizes results of these indices in TSE. As can be seen in Table 3 , although some differences in ranking of companies are detected, there are no differences in the top five companies of systemic risk according to V and P . it should be noted that the difference of these indices is deepened in the lower orders. In the sector analysis, there are some variations in the results of the two indices. For example, as engineering As can be seen in Table 3 , although some differences in ranking of companies are detected, there are no differences in the top five companies of systemic risk according to V int and P int . it should be noted that the difference of these indices is deepened in the lower orders. Figure 8 illustrates the histogram and cumulative distribution and Figure 9 illustrates the complement of cumulative distribution of integrated market values (V int ) in a log-log scale, respectively.
The histogram and complement of cumulative distribution of P int , s int j and H int i are represented in Appendixs B and C. The results of a linear regression for the variables show statistically significant values for δ at 95% significant level and the results show that there is no evidence to reject the null hypothesis that the cumulative distributions follow the power-law distribution.
In an economic point of view, the results show that the most systemically important agents of the Iranian economic systems are the external shareholders, which among them, the government has the main role. In fact, since most of the other external shareholders, Industrial holding and investment companies are under the management of government, an economic shock to the government can lead to a critical crisis. Since the Iranian government expenses have a large dependency to the Oil revenues, a significant decline in the oil revenues, like what is happened in the year 2014, cause a great depression in the Iranian economy. In the level of equity market, as the government tried to fire-sell its assets to cover the expenses, the stability of the market is decreased. This is also the case for the pension funds, which tried to provide their liquidities for their monthly payments.
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Conclusions
Systemic risk is relevant to the inter-connection and correlation of different parts of a market and the control and mitigation of systemic risks is one of the main challenges of financial markets. Due to the fact that different companies do not have the same contribution in the occurrence of systemic risk, the identification of systemically important companies is recommended to the financial authorities. Recently, network theory has been widely applied for analysis of the behavior of financial systems, financial crisis and systemic risk. In this paper, cross-shareholding network of Tehran Stock Exchange is represented as a bi-level network. Based on the cross-shareholding data, the direct and integrated cross-shareholding network of TSE is represented and different systemic risk indices are applied and statistically appraised.
Results show that the cross-shareholding network is a good representation for analysis of systemic risk in financial markets. The consideration of integrated ownership in the cross-shareholding network leads to a more reliable network and a better understanding of systemic risk importance for different companies. Moreover, the results of statistical analysis show that the cross-shareholding network of TSE is a scale free network. The existence of scale free network shows that the stock market is fertile for the crisis in the case of systemic risk events. Although the identification of systemically important companies is an effective way to control systemic risks, simulation of the behavior of companies in the case of systemic events can lead to better results and is proposed for future research.
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